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Abstract

Objectives Unemployment has been linked with poor
health. We hypothesized that being unemployed is asso-
ciated with disorders of glucose metabolism and performed
a systematic review and meta-analysis of the literature to
ascertain the relationship.

Methods We searched the databases of Scopus, Medline
Ovid and Web of Science for population-based original
studies for past 20 years. Random effects meta-analyses
were used to estimate odds ratios (OR) with 95% confi-
dence intervals (CI) for prediabetes and type 2 diabetes
among the unemployed as compared to those employed,
separately for men and women when possible.
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Results Out of 981 articles found, 12 articles were inclu-
ded in the systematic review and eight articles in the meta-
analyses. Unemployment was associated with 1.6-fold odds
for prediabetes (OR 1.58; 95% CI 1.07-2.35), and 1.7-fold
odds for type 2 diabetes (OR 1.72; 95% CI 1.14-2.58) in
the total sample. The corresponding associations for type 2
diabetes were also found stratified for men (OR 1.53; 95%
CI 1.47-1.60) and women (OR 1.60; 95% CI 1.33-1.92).
Conclusions Unemployment is associated with prediabetes
and type 2 diabetes, global concerns of public health with
potential for prevention.
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Prediabetes - Type 2 diabetes - Systematic review - Meta-
analysis

Introduction

Employment is a cultural yardstick, whereby people mea-
sure themselves in their society (Dodu 2005), and also a
major determinant of the socioeconomic gradient in health
(Waddell and Burton 2006). Unemployment, in turn, iso-
lates a person from both material and immaterial gains
related to working life, and has been linked with several
aspects of poor health, such as self-rated health (Vaalavuo
2015; Broom et al. 2006; Giatti et al. 2010), increased risk
for obesity and weight gain (Janlert 1997; Khlat et al. 2004;
Montgomery et al. 1998; Laitinen et al. 2002), inflamma-
tion (Hughes et al. 2015), poor mental health (Artazcoz
et al. 2004; Ford et al. 2010), hypertension (Janlert 1992),
cardiovascular diseases (Lundin et al. 2014) and higher
mortality (Roelfs et al. 2011; Martikainen 1990; Mar-
tikainen and Valkonen 1996; Garcy and Vagerd 2012;
Végerd and Garcy 2016). However, although several risk
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factors of type 2 diabetes (T2D) have thus been addressed,
the potential direct association between unemployment and
disorders of glucose metabolism remains unanswered.
The incidence of T2D is increasing worldwide, impos-
ing a major burden upon public health and economies
(Seuring et al. 2015). T2D results from complex genetic—
environmental interaction (Noble et al. 2011). Several risk
factors for T2D have been documented such as older age,
family history of T2D, ethnicity, obesity, physical inac-
tivity, unhealthy diet, smoking, hypercholesterolemia and
hypertension (Noble et al. 2011). T2D may develop
through a long-term asymptomatic period, during which
the prediabetic states, defined as impaired fasting glucose
(IFG) and impaired glucose tolerance (IGT), can be esti-
mated by measuring glucose concentrations (Tabak et al.
2012). Fortunately, the diabetic cascade may be delayed
and the development of T2D even prevented by changes in
lifestyle including healthy diet and physical activity
(Tuomilehto et al. 2001; Knowler et al. 2002; Lindstrom
et al. 2013). The detecting of these phases to enable timely
prevention remains a challenge (Noble et al. 2011), and it
has been estimated that one of two adults with T2D are
currently undiagnosed (International Diabetes Federation
2015). Critically, since the incidence of T2D is peaking in
the working age between 40 and 59 years (Centers for
Disease Control and Prevention 2015), it is important to
recognize potential risk factors related to working life.
Several employment-related factors, such as shift work
(Eriksson et al. 2013; Morikawa et al. 2005), working
overtime (Tayama et al. 2016), work-related stress (Novak
et al. 2013), job insecurity (Ferrie et al. 2016; Virtanen
et al. 2014) and low occupational class (Kumari et al. 2004;
Heden Stahl et al. 2014) have been shown to associate with
the risk of T2D. In contrast, the association of the widely
prevalent (OECD 2014a) unemployment with T2D remains
unsatisfactorily understood. This may result from unclear
classification of non-workers in the occupation-based
measures of socioeconomic status, thus ignoring unem-
ployment, a potentially stressful situation when an indi-
vidual is lacking work yet willing and capable to work.
With the present study we aimed to summarize the
published evidence from the last two decades concerning
the associations between unemployment and disorders of
glucose metabolism in population-based studies. Our
hypothesis was that unemployment, a major stressor in the
working age, is a risk factor of developing T2D, thereby
associated with higher prevalence of prediabetes and dia-
betes. Regarding the internationally differing labor market
patterns, especially the gendered differences regarding
overall participation in the working life and in the distri-
butions across occupations, we aimed to conduct a sys-
tematic review covering all population-based studies,
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followed by meta-analyses in unselected general popula-
tion studies and further stratified for sex whenever possible.

Methods
Literature search

We planned the search and the analysis of the literature
according to the MOOSE (meta-analysis of observational
studies in epidemiology) guidelines (Stroup et al. 2000).
The literature search was carried out by the first author with
the help of an information specialist from three different
databases: Scopus, Medline Ovid and Web of Science.

The search included keywords related to employment
such as ‘employment’, ‘unemployment’, ‘jobless’ or ‘job
loss’, and keywords concerning disorders and measures of
glucose metabolism such as ‘type 2 diabetes’, ‘gestational
diabetes’, ‘prediabetes’ or ‘hyperglycemia’, ‘glucose
intolerance’ or ‘glucose tolerance’ or ‘glucose impair-
ment’. The search strategy and keywords are presented in
detail in Appendix 1 (Online resource). The search was
performed on the titles, abstracts and keywords of the
published articles dating from 1 January 1995 until 20
October 2016. In addition, hand searching was performed
on the reference lists of all articles selected for systematic
review and non-systematically on other sources. In cases of
incomplete information in the articles found, the authors of
the articles were contacted via e-mail, eventually with one
reminder, to provide more details. The flowchart of the
search is shown in Fig. 1.

Inclusion criteria

We included any population-based studies on unemploy-
ment in relation to glucose metabolism in the narrative
systematic review. Respecting the anticipated heterogene-
ity of employment patterns across the subgroups of popu-
lations, only studies conducted in unselected general
population samples were included in the quantitative meta-
analysis.

We only included studies where we could identify the
unemployed individuals from the other participants. We
did not set further criteria regarding the duration or
recurrence of unemployment. As outcomes of impaired
glucose metabolism we considered gestational diabetes,
prediabetes or T2D, covering all phases of the diabetic
cascade. We included studies with any type of definition of
these outcomes, including self-reported or register-based
diagnosis or treatment of gestational diabetes or T2D, or
diagnosis settled by laboratory tests, such as fasting plasma
glucose (FPG), oral glucose tolerance test (OGTT), or
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Fig. 1 Flowchart of study
selection

Hand searching n=3

Reference cited by
selected studies (1)
Other sources (1)
Own research (1)

glycated hemoglobin (HbAlc). We accepted studies with
both cross-sectional and follow-up study designs.

Exclusion criteria

We excluded studies with unclear information on
employment status, not allowing for distinguishing the
unemployed individuals from the other participants. For
example, we excluded studies which only roughly classi-
fied workers versus non-workers, implying that “non-
workers” might have included homemakers, students or

Total n=1,271
Scopus n= 466
Medline Ovid n= 617

Web of Science n= 188

Exclusion of duplicates

n=290
Titles and abstracts
evaluation
n=981
Excluded
n=949

Full text evaluation

n=32

Excluded n=23

Unclear classification of
unemployment (21)

Not population based (2)

Studies included for
systematic reviewing

n=9

Studies included for
systematic reviewing

Data not available (1)
n=12

Same data used twice (1)

Non-general populations (2)

Studies included for
meta-analysis

n=8

retired individuals not actively seeking for a job. Analo-
gously, an exclusion criterion was lacking information of
gestational diabetes, prediabetes or T2D.

Since the prevalence or incidence of unemployment
among persons with diabetes was not in our focus, we
excluded studies conducted among diabetic patients only.
From the meta-analysis, we further excluded studies with
overlapping or insufficient data, or conducted in non-gen-
eral subpopulations.

As a final criterion, we restricted our search in original
articles written in English.
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Variables
Unemployment

We defined those unemployed as lacking work but
belonging to the labor force, i.e., capable and willing to
work and searching for a salaried job (OECD 2014a). We
accepted both self-reported and register-based measures,
dichotomized as unemployment yes/no in the analyses.

Glucose metabolism

Prediabetes, defined as IFG or/and IGT, could be diag-
nosed by measurements of fasting plasma/serum glucose
and/or OGTT, or glycated hemoglobin (HbAlc). For IFG
diagnosis, different criteria exist and were accepted, such
as FPG between 5.6 and 6.9 mmol/l according to American
Diabetes Association’s (ADA 2014) criteria and between
6.1 and 6.9 mmol/l by World Health Organization’s (WHO
1999) criteria. In OGTT, a 2-h plasma glucose between 7.8
and 11.0 mmol/l indicated IGT (ADA 2014; WHO 1999).
By HbAlc, prediabetes could be defined as value from 39
to 46 mmol/mol (ADA 2014). For analysis, these variables
were then dichotomized as prediabetes yes/no, regardless
of the type of the measurement.

Gestational diabetes could be defined as self-reported
diagnosis or treatment, or based on measured FPG or
OGTT. If FPG was between 5.1 and 6.9 mmol/l, or in
OGTT 1h glucose over 10.0 mmol/l, or 2 h glucose
between 8.5 and 11.0 mg/dl, it is defined as gestational
diabetes (WHO 2013).

T2D could be defined as self-reported or register-based
diagnosis, self-reported or register-based use of anti-dia-
betic medication, or diagnosis based on measured glucose
concentrations. We accepted different classifications in
defining T2D, also an age-based categorization of regis-
tered incident cases of diabetes, categorized as T2D if
occurring at over 30 years of age and type 1 diabetes if
occurring at earlier age. If based on measured glucose, the
T2D diagnosis was defined through FPG over 7.0 mmol/l,
glucose concentrations over 11.0 mmol/l in postprandial
glucose samples or in 2-h sample in OGTT after ingesting
75 g of glucose (or carbohydrates equivalent to this dose),
or HbAlc over 46 mmol/mol. For analysis, these variables
were then dichotomized as T2D yes/no, regardless of the
type of the measurement (WHO 1999; ADA 2014).

Study selection
First, based on the titles and the abstracts of the articles
found, the first two authors independently selected the

publications for further reading. Second, the full texts of
the selected articles were retrieved and carefully read, to
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evaluate whether they met the inclusion criteria. These two
authors compared and discussed their evaluations aiming to
achieve consensus. Possible disagreements were planned to
be settled through mutual discussion with the last author.
The flow of the study selection is presented in Fig. 1.

Quality assessment

We constructed a checklist, modified from a previous
recommendation (Downs and Black 1998), for assessing
the quality of the articles with 12 predefined items (Ap-
pendix 2, Online resource) related to conventional report-
ing and methodological practices in scientific articles. One
item concerning confounders could receive 0-2 points and
other items yielded O-1 point each. The first two authors
independently gave their ratings according to the checklist
and discussed for consensus.

Analysis

For systematic review, we constructed a table with data
fields to the designs, the characteristics and the reported
results of the included population-based studies regarding
unemployment and glucose metabolism. We also calcu-
lated the unemployment rates for each study as the per-
centages of unemployed individuals of the total labor force,
where the latter consists of all unemployed, employed and
self-employed individuals (OECD 2014a). Likewise, we
uniformly calculated the prevalences or cumulative inci-
dences of prediabetes and T2D for each study.

We prepared for quantitative analyses on the associa-
tions between unemployment and each outcome of glucose
metabolism in the studies conducted in unselected general
population samples, both in total samples and in the sub-
groups of men and women. For the meta-analysis, the
following procedure was designed. Regarding the antici-
pated heterogeneity across the studies, random effects
meta-analyses were chosen to calculate the odds ratios
(ORs) and their 95% confidence intervals (Cls) for out-
comes of glucose metabolism among those unemployed as
compared to all employed individuals. The heterogeneity
of the studies was explored with the /> statistic (with 95%
CI), a recommended transformation of the Q statistic.
Values of I, ranging from 0 to 100%, reflect the proportion
of the total variation across studies beyond chance.
Regarding quantity, 25% describes low, 50% moderate,
and 75% high heterogeneity (Higgins et al. 2003). The
statistical significance of this heterogeneity was tested
using the Chi-square test. We also planned to conduct an
influence analysis in which the meta-analysis estimates are
computed omitting one study at a time. To assess potential
publication bias, Egger’s test and funnel plots (Sterne
2009) were chosen.
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All statistical analyses were performed using STATA,
version 13.1 (StataCorp LP, TX, USA).

Results
Study selection

In total, the literature search retrieved 981 articles (Fig. 1).
After screening titles and abstracts, or full texts if abstracts
were missing, we retrieved 32 articles for further evalua-
tion and selected nine articles to be reviewed and meta-
analyzed. Hand searching yielded three articles, one of
them by our own research group (Rautio et al. 2017),
resulting in altogether 12 articles filling our criteria for
systematic review.

Quality assessment

Overall quality was good ranging from 10 to 13 of potential
13 points (Appendix 2, Online resource). Seven of the 12
quality assessment criteria were met by all of the studies
included.

Study characteristics

Table 1 (Online resource) summarizes the 12 studies sys-
tematically reviewed: five studies from Europe, three from
Near East, one from Asia, one from Australia, and two
studies from Northern America. All but one (Martin et al.
2008) reported data for both sexes.

The measurement of the employment status was based
on self-reports in 10 studies, two studies used national
registers (Poulsen et al. 2014; Rautio et al. 2017) (Table 1,
Online resource). In 11 of the 12 studies, unemployment
status was determined at one time point, whereas one study
used unemployment records during individually deter-
mined 3-year follow-up periods preceding the OGTT date
(Rautio et al. 2017).

Different methods for assessing glucose metabolism
were found, as shown in Table 1 (Online resource). No
study on gestational diabetes could be included due to
unclear information on unemployment. Data on prediabetes
were reported in six studies, four studies using OGTT and
two studies using FPG. Regarding T2D diagnosis, five
studies were based on both self-reports on diagnosis or
anti-diabetic medication, and measurements of glucose
concentrations. Three studies were based on self-reported
T2D diagnoses only. Two studies only utilized laboratory
tests. One study used only register-based diagnoses.
Another one accepted several sources of information:
registered data on diagnosis or on anti-diabetic medication
or laboratory measurements of glucose concentrations.

Nine studies were cross-sectional regarding measurement
of glucose metabolism, and three studies had a longitudinal
design, with known individuals with diabetes excluded at
baseline and follow-up periods lasting from 5 to 12 years.

Reported results on unemployment and glucose
metabolism in the articles

The longitudinal study of Poulsen et al. (2014) was the only
one to show a heightened risk (RR 2.13, 95% CI2.06-2.21)
for incident diabetes for the individuals unemployed at
baseline during the 12-year follow-up, when using the
group of professional employees as the reference category,
even after adjustments for gender, age, country of origin
and socioeconomic status (SES). In the study of Rautio
et al. (2017), using a retrospective 3-year follow-up of
unemployment records, the men who were unemployed for
altogether > 1 year (high exposure) had higher risk for
prediabetes (OR 1.61, 95% CI 1.03-2.51), and screen-de-
tected T2D (OR 2.58, 95% CI 1.23-5.44) after adjustment
for education, smoking, alcohol intake, physical activity
and BMI. Among men with lower exposure (< 1 year) to
unemployment, no significant association was found, not
either among women.

In six of the 12 studies, unemployed individuals did not
have higher risk for glucose metabolism disorders.
Regarding all studies included in the narrative review, the
reported results of unemployment with prediabetes and
T2D are shown in Table 1 (Online resource), with largely
differing reference groups across the studies.

Calculated unemployment rates

Evident typing errors in the articles concerning the reported
numbers of unemployed were corrected in two cases, with
replacement of new numbers provided by the authors
(Ramezankhani et al. 2014) or a re-calculation based on the
descriptive tables (Azimi-Nezhad et al. 2008), as detailed
in Table 1 (Online resource). In sum, the calculated
unemployment rates varied from 3.5% in a Danish
nationwide sample (Poulsen et al. 2014) to as high as
50.0% within an ethnic group of Chaldean origin in the
United States of America (Kridli et al. 2006).

Calculated prevalences and cumulative indexes
of the disorders of glucose metabolism in the studies

Prevalence of prediabetes varied from 2.5% (Azimi-Nez-
had et al. 2008) to 32.1% (Kridli et al. 2006). With varying
sources of information, the calculated prevalence of T2D
varied from 3.0% (Rautio et al. 2017) to 31.2% (Kridli
et al. 2006). Calculated sex-stratified prevalence of T2D
varied from 4.3% for men and 2.0% for women at lowest
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(Rautio et al. 2017) to 30.6% for men and 31.5% for
women at highest (Kridli et al. 2006). In a 5-year follow-up
study in Iran with participants over 20 years of age, the
calculated incidence of prediabetes was 10.5% and the
corresponding figure for diabetes was 11.0% during the
5-year follow-up (Ramezankhani et al. 2014). A study in
Germany, restricted to abdominally obese individuals aged
20-79, reported a T2D incidence of 7.7% during the 5-year
follow-up (Friedrich et al. 2013). A register-based study in
Denmark covering the whole 30-59-year-old population
recorded a 5.8% diabetes incidence during the 12-year
follow-up (Poulsen et al. 2014).

Meta-analyses

Four studies in the systematic review had to be left out of
the meta-analyses, due to insufficient descriptive data (Bird
et al. 2015), overlapping data (Miiller et al. 2013b) and
non-general study populations restricted to a specific ethnic
group (Kridli et al. 2006) or individuals with abdominal
obesity (Friedrich et al. 2013). The meta-analysis was thus
based on eight studies. However, due to the small number
of studies, sex-separated analyses were not conducted
concerning prediabetes.

Unemployment and prediabetes

Figure 2 shows the calculated prevalences of prediabetes

the odds ratio for prediabetes among the unemployed as
compared to all employed. Across the five included studies,
two studies showed heightened odds for prediabetes among
the unemployed. The meta-analysis of the overall associ-
ation yielded a 1.6-fold association of unemployment with
prediabetes (OR 1.58; 95% CI 1.07-2.35). The hetero-
geneity of these studies was high (I = 91%; p = 0.000).

Unemployment and T2D

Figure 3 shows the calculated prevalences of T2D among
the unemployed and the employed and the ORs for T2D
among the unemployed in all studies eligible for meta-
analysis, with seven studies including both sexes, one only
men (Martin et al. 2008). In six of the eight studies, the
odds for T2D were significantly heightened among the
unemployed and according to the meta-analysis in the total
sample, the unemployed had 1.7-fold odds for T2D when
compared to all employed individuals (OR 1.72; 95% CI
1.14-2.58). The heterogeneity of these studies was high
(> = 99.3%; p = 0.000).

Figure 4 shows the results of the corresponding sub-
group analyses for men and women. Among men, the OR
for T2D among the unemployed was 1.53 (95% CI
1.47-1.60) as compared to those employed. Among
women, the corresponding figure was 1.60 (95% CI
1.33-1.92), respectively.

The aforementioned significant heterogeneity between

among the unemployed and the employed individuals and  the studies regarding unemployment and T2D
Prevalence of Prevalence
prediabetes among  of prediabetes

Reference Country unemployed (%) among employed (%) OR (95% Cl) Weight %
.

Al-Baghli et al. (2010) Saudi-Arabia 449/12825 (3.5) 1983/106921 (1.9) I 250 (2.25,2.78) 25.88
1
|

Azimi-Nezhad et al. (2008)  Iran 3/126 (2.4) 43/1790 (2.4) n 1.06 (0.32, 3.48) 7.76
i
|

Ramenzankhani et al. (2014) Iran 17/119 (14.3) 257/2718 (9.5) e 154 (0.90, 2.61) 17.79
i
i

Rautio et al. (2017) Finland 162/857 (18.9) 422/3028 (13.9) —— 148 (121,1.81) 2468
1
|

Zhang et al. (2013) China 93/1387 (6.7) 251/4309 (5.8) ! 1.21(0.94, 1.54) 23.89
|

Overall (12=91.0%, p = 0.000) Q 1.58 (1.07, 2.35) 100.00
1
|
1
|
|
!

T T T T T
0.2 05 1 2 5 10
Odds ratio

Fig. 2 Calculated prevalence (%) of prediabetes among unemployed and all employed individuals, and odds ratios (OR) with their 95%
confidence intervals (CI) for prediabetes among unemployed compared to employed individuals
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Prevalence Prevalence
of T2D among of T2D among

Reference Country unemployed (%) employed (%) OR (95% CI) Weight %
1
1

Al-Baghli et al. (2010) Saudi-Arabia  4090/12825 (31.9)  13487/106921 (12.6) | . 3.24 (3.11,3.38) 15.06
1
1

Azimi-Nezhad et al. (2008) Iran 13/126 (10.3) 71/1790 (4.0) —;—‘_ 2.79(1.50,5.18) 11.18
1
1

Martin et al. (2008) * Australia 4/32 (12.5) 54/710 (7.6) + 1.74 (0.59, 5.13)  7.31
1
1

Muller et al. (2013) Germany 58/777 (7.5) 165/3351 (4.9) —-— 1.56 (1.14,2.12)  13.88
'
1

Poulsen et al. (2014) Denmark 4938/66519 (7.4)  95559/1857414 (5.1) * 148 (1.44,1.52) 15.07
1
1

Ramenzankhani et al. (2014)  Iran 7/119 (5.9) 256/2718 (9.4) _—m : 0.60 (0.28, 1.30) 9.78
1
'

Rautio et al. (2017) Finland 39/857 (4.6) 78/3028 (2.6) e 1.80 (1.22,2.67) 13.24
1
'

Zhang et al. (2013) China 134/1387 (9.7) 285/4309 (6.6) — 1.51(1.22,1.87) 14.48
1

Overall (12 =99.3%, p =0.000) <> 1.72(1.14,2.58)  100.00

* men only

T T T T T
0.2 0.5 1 2 5 10

Odds ratio

Fig. 3 Calculated prevalence (%) of type 2 diabetes (T2D) among unemployed and all employed individuals, and odds ratios (OR) with their
95% confidence intervals (CI) for T2D among unemployed compared to employed individuals

Prevalence

of T2D among
Reference Country  unemployed (%)
Men
Martin et al. (2008) Australia 4/32 (12.5)
Muller et al. (2013) Germany 32/378 (8.5)
Poulsen et al. (2014) Denmark 2683/29388 (9.1)
Ramenzankhani et al. (2014) Iran 7/96 (7.3)
Zhang et al. (2013) China 28/340 (8.2)
Rautio et al. (2017) Finland  23/391 (5.9)
Subtotal (/2= 0.0%, p = 0.503)
Women
Muller et al. (2013) Germany 26/399 (6.5)
Poulsen et al. (2014) Denmark 2255/37131 (6.1)
Ramenzankhani et al. (2014) Iran 0/23 (0.0)
Zhang et al. (2013) China  106/1047 (10.1)
Rautio et al. (2017) Finland  16/466 (3.4)

Subtotal (2 = 36.5%, p = 0.178)

Prevalence
of T2D among
employed (%)

54/710 (7.6)
126/1931 (6.5)
59450/971248 (6.1)
220/2259 (9.7)
153/2512 (6.1)

49/1295 (3.8)

39/1420 (2.7)

36109/886166 (4.1)

&

OR (95% Cl)

36/459 (7.8) €
1321797 (7.3)

20/1733 (1.7)

1.74 (059, 5.13)
. 1.32 (0.88, 1.99)
- 1.54 (1.48, 1.60)

0.73 (0.33, 1.59)

—_—— 1.38 (0.91, 2.11)
N 1.59 (0.96, 2.64)
o 1.53 (1.47, 1.60)

[ G 247 (1.48, 4.11)

- 1,52 (146, 1.59)

0.25 (0.01, 4.15)

. . 1.42 (1.09, 1.86)
—_— 2.00 (1.12, 3.88)

<> 1.60 (1.33, 1.92)

Weight %

0.14
0.98
97.10
0.26
091
0.62

100.00

10.50
55.82
0.42
25.72
7.55

100.00

I
0.2

I I I I
0.5 1 2 5 10

Odds ratio

Fig. 4 Calculated sex-separated prevalences (%) of type 2 diabetes (T2D) among unemployed and all employed individuals, and odds ratios
(OR) with their 95% confidence intervals (CI) for T2D among unemployed compared to employed individuals
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(P = 99.3%, p = 0.000) notably decreased when men and
women were studied separately (> = 0.0%, p = 0.503 for
men and P> = 36.5%, p = 0.178 for women).

Tests for bias

In the influence study concerning the meta-analysis of
unemployment and T2D in the total sample, the ORs were
not statistically significantly affected when one study at a
time was excluded. All ORs ranged between 1.5 and 1.9
and stayed within the confidence interval of the pooled OR.
According to the Funnel plot and Egger’s test (+ = 0.05,
p = 0.959), there was no indication of publication bias
(Fig. 5). Due to the small the numbers of eligible studies,
the corresponding analyses were not conducted for predi-
abetes nor for the sex-stratified analyses for diabetes.

Discussion

According to this meta-analysis, unemployment, a com-
mon adversity in labor market, is associated with disorders
of glucose metabolism. The unemployed individuals had
1.6-fold odds for prediabetes and 1.7-fold odds for T2D as
compared to all employed individuals. The corresponding
sex-stratified odds for T2D were 1.5-fold among unem-
ployed men, and 1.6-fold among women. Our finding adds
to the body of the literature linking unemployment and
poor health (Artazcoz et al. 2004; Lundin et al. 2014;
Roelfs et al. 2011; Martikainen 1990; Martikainen and
Valkonen 1996; Garcy and Vagerd 2012; Vagerd and
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Garcy 2016) with an important outcome, T2D, a growing
global public health concern, with notable potential for
prevention.

Despite the highly heterogeneous labor market patterns,
unemployment is common worldwide, thereby a
notable potential stressor in the working age. In year 2014,
the global unemployment rate was 5.9% (OECD 2014a).
The overall national prevalences varied from 3.5% in
Korea to 26.3% in Greece (OECD 2014a), with large
variation across specific groups, like foreign-born individ-
uals (OECD 2014b). In the studies included in this review,
the calculated unemployment rates were well in line with
those found in the global statistics, varying from 3.5 to
24.4%, with one outlier reporting as high as 50.0 unem-
ployment rate within a specific ethnicity-based sample
(Kridli et al. 2006) and thereby excluded from the meta-
analysis restricted to unselected general population
samples.

Importantly, the participation of women in working life
greatly varies internationally: in many countries of Europe
and China over 40% of the total labor force is female, in
the Near- and Middle-East the corresponding figure is
below 20% (World Bank 2016). This was reflected also in
the studies included in our review, in that the calculated
proportion of women as homemakers was 86.2% in Iran at
highest (Al-Baghli et al. 2010). The pressure towards
women’s participation in the working life and the percep-
tions of meaning of unemployment may vary culturally.
Nevertheless, we found unemployment rates to be the
higher among women than men in five of the six studies
where sex-specific data were available. Despite these
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observed differences in women’s participation in the labor
market between the countries, in the meta-analyses we did
not detect significant differences between men and women
regarding the association of unemployment with T2D.

Regarding the mechanisms behind the findings, it is
evident, that the health behaviors and the extent to which
unemployment is perceived as a stressor may have differed
between the study populations in this review. Unfortu-
nately, the adjustment protocols widely varied as not even
adjustments for age were performed in all studies. There-
fore, further meta-regression analyses could not be con-
ducted to analyze the potential underlying factors behind
the observed associations.

There are several potential sources of bias behind the
reported association within the individual studies. Selection
bias may have resulted from the uneven distribution of
unemployment by sex, ethnicity, local employment pat-
terns or cultural issues, but also from selection to unem-
ployment as a result of poor health. In observational
studies, uncontrolled confounding always remains a pos-
sibility. Moreover, classification biases may have origi-
nated from the heterogeneous measures of unemployment
and glucose metabolism. Regarding the review, biases may
results from not reaching all relevant studies and from the
always possible publication bias.

Diabetes with related health problems may be at least a
partial reason for unemployment, but unfortunately the
quantity of the potential reversed causality cannot be
assessed. In line with this reasoning, however, the calcu-
lated unemployment rate was higher (21.7%) among
abdominally obese employees (Friedrich et al. 2013) than
among the unselected general population sample (18.8%)
in the same year in the same country (Miiller et al.
2013a, b). The prevalence of unemployment among those
with poorer health may also be affected by national policies
and economic cycles. In the study by Zhang et al. (2013)
the authors discussed that the recently implemented early
retirement policy for unhealthy persons in China might
have explained the higher odds of diabetes among retired
people and, therefore, underestimated the significance of
unemployment.

We note that 11 out of the 12 studies in our review
measured unemployment only cross-sectionally, although
the number of unemployment periods and the length of
unemployment preceding the measurement could have
varied from a few days to years of unemployment. The
body of the current evidence suggests that the accumula-
tion of one or more previous periods of unemployment
correlates with deteriorated health and health behavior
(Janlert et al. 2015; Garcy and Vagero 2012; Vagerd and
Garcy 2016). This pattern was also seen in the study of
Rautio et al. (2017) considering the level of exposure to
unemployment during 3 years, where the risk for disorders

of glucose metabolism was significantly heightened when
exposure to unemployment exceeded 1 year (1.6-fold risk
for screen-detected prediabetes, 2.6-fold for T2D) but not
with lesser exposure.

With our exclusion criteria concerning unemployment,
we sought to ensure good quality in defining the exposure
to unemployment. The choice of comparing the unem-
ployed to all employed individuals was considered the
most applicable to summarize the data in the varying
designs in this meta-analysis. The results reported in the
articles, therefore, differed from the ones calculated in this
study. For example, the largest register-based longitudinal
study covering the whole Danish working-age population
found over twofold risk for T2D (RR 2.13; 95% CI
2.06-2.21) among the unemployed, when compared to the
group of professional individuals and adjusted for gender,
age, country of origin and socioeconomic status (Poulsen
et al. 2014). In contrast, when we determined all employed
individuals as the reference category within the same data,
the OR was 1.48 (95% CI 1.44-1.52) in the unadjusted
analysis.

The assessment of glucose metabolism varied widely in
the included studies, implying a potential source of clas-
sification bias, especially in terms of prediabetes. Note-
worthy, it has been questioned whether the term
prediabetes should be replaced, for example, with impaired
glucose metabolism, in light of evidence showing that only
5-10% of people with prediabetes per year will progress
into T2D (Tabak et al. 2012). Nevertheless, regarding the
long-term development of diabetes and the evidence that
even half of the individuals with T2D are unrecognized, the
cross-sectional measures of T2D may have led to under-
estimations of T2D prevalence.

The small number of studies that met the inclusion
criteria for the review raises concerns of a potential bias,
also including only studies published in English may have
left out potential important uncovered studies. Neverthe-
less, covering all continents except Africa and South
America, the global representativeness of the included
studies appeared reasonable, and the possibility of outcome
reporting bias was reduced by contacting authors for their
unpublished data. There was large heterogeneity in the
sample sizes, ranging from over 200 to over 2 million
individuals. By the quality assessment criteria the overall
quality of the included studies was good.

In sum, the main challenge in synthesizing the results is
the heterogeneity of the studies. Therefore, studies con-
ducted within specific subpopulations (Friedrich et al.
2013; Kridli et al. 2006) were only included in the sys-
tematic review and excluded from the meta-analyses. In the
meta-analyses, we expectedly found significant hetero-
geneity in the studies concerning the total sample, which,
however, decreased when men and women were studied
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separately. Nevertheless, the main result of the meta-
analysis persisted in the influence test, and no indication of
publication bias was found according to Egger’s test.

For practitioners in the health care sector, various
screening tools have been designed to improve the early
detection and the results of treatment of diabetes, further
supporting the aims of secondary and tertiary prevention
of various complications of diabetes (Noble et al. 2011).
However, the implementation of such screening tools has
turned out to be difficult (Dhippayom et al. 2014).
Beyond screening, the improvement of patient outcomes
may also require novel integrated social and health
policies and tailored care for subgroups at higher risk
(Noble et al. 2011). Our results highlight the subgroup of
unemployed people. Thus, the feasibility and efficacy of
considering unemployment history as a risk factor for
T2D should be evaluated in further trials in various
levels of health care. At present, the high prevalence and
incidence of prediabetes and T2D in the working aged
population as well as the high prevalence of unemploy-
ment emphasize the relevance of this finding, observed
in different labor market settings, and both among men
and women.

Conclusions

To the best of our knowledge, this is the first meta-analysis
based on a systematic review suggesting an association
between unemployment and disorders of glucose metabo-
lism, with 1.6.-fold odds for prediabetes and 1.7-fold odds
for T2D among the unemployed as compared to those
employed. The association seems identical in both men and
women and appears to be observed in different labor
market settings internationally. Since the factors under-
pinning the association were not systematically addressed
in the reviewed studies, the numerous potential mediating
and confounding factors need to be tested in further
research.
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